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Software Review
NLF: NONLINEAR FORECASTING FOR DYNAMICAL SYSTEMS. For IBM and compati-
bles. By William M. Schaffer and Charles W. Tidd. Tucson, AZ, Dynamical Systems,
Inc., 1990. $200.00 ($600.00 ifsource code is desired).
Anonlinear equation is one inwhich avariable on the right side ofthe equation is
raised to an exponent which is not equal to one (e.g.,f(x) = x2). Nonlinear systems
are generally thought of as systems whose motion is governed by mechanisms which
behave as nonlinear equations. The sigmoidal-shaped oxygen-saturation curve of
hemoglobin and the relation between vascular resistance and blood vessel diameter
are only two ofmany examples ofnonlinear systems in biology.
Some nonlinear systems are capable of generating data sets of bewildering
complexity. In fact, one special set of nonlinear systems, called "chaotic" systems,
produces data sets so complicated that it is difficult to distinguish them from
randomly generated data sets.
Dynamical Systems, Inc., has developed a line of data analysis software for the
study ofchaotic systems. The company offers two packages that have been reviewed
in previous issues oftheJoumal. These two main packages include some ofthe most
widelyused methods foranalyzingchaotic dynamics. The subjectofthis review,NLF:
NonlinearForecastingforDynamical Systems, is a stand-alone package which utilizes
relatively novel analytic techniques. While chaotic systems might seem to be unpre-
dictable by definition, in fact, parts of a chaotic system are predictable and the
predictability varies for different parts of the system. The technique of nonlinear
forecasting can be used to study how predictability varies within a chaotic system.
Although the usefulness of this form of analysis is controversial, that debate is
beyond the scope ofthis review.
Inorder to run at all, the program requires a PC-compatible machine, 640KRAM,
and VGA or EGAgraphics. The company alsostrongly recommends a hard disk and
a numeric co-processor. The computation-intensive nature of this program makes
severe demands on even the nimblest of computers. In this reviewer's experience, a
fairly fast computer should alsobe considered a necessity.
The package itselfcontains amain analysisprogram, several helpful utilities, and a
manual. The manual is thoroughly referenced and lucidly written. In addition to
program instructions, an entire chapter of the manual is devoted to background
mathematics of dynamical systems with special emphasis on chaotic systems and
nonlinear forecasting.
The main analysis program, NLF, is mouse-driven and contains on-screen and
pull-down menus. After importing a specified data file, the program divides the data
set into two parts, onewhich serves as the basis for creating a prediction and another
which is used to test the prediction. At the outset, the user is allowed to tailor the
analysis to the data set byspecifying several quantities, including the numberofstate
variables, the analysis variable, the embedding dimension, the embedding delay, and
the algorithm. The program uses two algorithms for generating predictions, a fast,
binary search tree algorithm and a slow "meat axe" approach. After the analysis is
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performed, the program graphs the results in several ways. One particularly useful
feature allows the user to visualize how prediction accuracyvaries in phase space by
color-coding points of the predicted data set according to how closely they ap-
proached the values ofthe actual data set. Another useful feature ofthe program is
called the "Batch" mode. In this mode, the user can quickly test how the analysis
depends on the embedding dimension, embedding delay, or prediction interval. The
program repeatedly analyzes the data set, varying one of the quantities in a
user-defined manner. The analysis is completed with a graph, which compares the
prediction accuracy produced using different values of the chosen variable. The
program also has two other modes: one shows the graphical evolution of different
regions of a two-dimensional projection in phase space and the other generates
predictions for specific points in the time series.
In addition, the package contains several utility programs. Some of the utilities
shuttle graphics between file and screen or convert data files between ASCII format
and the format used by the NLF program. One utility, STATRANS, is a convenient
program which performs statistical transformations (e.g., low pass filtering, differ-
encing, noise corrupting, log transforming) on a data set. The authors supply a
dramatic example of a misleading data set which requires preprocessing before a
valid analysis can be performed. Unfortunately, a program has yet to be developed
that identifies data setswhich require preprocessing.
While the significance ofnonlinear forecastingis debatable, the programperforms
as promised, is relatively user-friendly, andprovides a methodofanalyzingnonlinear
systems that is not widely available. For those interested in new forms of analysis or
in nonlinearforecasting inparticular, the packagewould make an excellent addition.
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